WORLD INTELLECTUAL PROPERTY ORGANIZATION 

International Bureau 



PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 
G01N 33/00, 33/53, 33/543, 33/566 



Al 



(11) International Publication Number: 



WO 97/33169 



(43) International Publication Date: 12 September 1997 (12.09.97) 



(21) International Application Number: 

(22) International Filing Date: 



PCT/US97/03625 
7 March 1997 (07.03.97) 



(30) Priority Data: 
60/013.136 



8 March 1996 (08.03.96) 



US 



(71) Applicant (for all designated Stales except US): SMITHKUNE 

BEECHAM CORPORATION (US/US); One Franklin Plaza, 
Philadelphia, PA 19103 (US). , 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): DUNNINGTON, Damien, 
J. [US/US]; 23 Forsythia Court, Lafayette Hill, PA 19444 
(US). YAMASHITA, Dennis, Shinji [US/US]; 703 Edge- 
wood Road. King of Prussia, PA 19406 (US). 

(74) Agents: DUSTMAN. Wayne, J. et al.; SmithKline Beecham 
Corporation, Corporate Intellectual Property, UW2220, 709 
Swedeland Road, P.O. Box 1539, King of Prussia, PA 
19406-0939 (US). 



(81) Designated States: JP, US, European patent (AT, BE, CH, DE, 
. DK, ES, FI, FR, GB, GR, IE, IT. LU, MC, NL, PT, SE). 



Published 

With international search report. 



(54) Title: A METHOD FOR DETERMINING THE AFFINITY OF PROTEINS FOR CHEMICAL AGENTS DURING SCREENING 
OF COMBINATORIAL LIBRARIES 

(57) Abstract 

Invented is a method for determining the affinity of protein targets for chemical agents during screening of combinatorial libraries; 
The libraries are synthesized on solid supports with a gradient of coupling sites, such that the target is presented with a range of compound 
concentrations. The distribution of protein bound to the immobilized compounds is measured by quantitative image analysis. Compounds 
are ranked in order of binding affinity by comparing their ability to bind across the gradient. 



BEST AVAILABLE COPY 



• 



i 



FOR THE PURPOSES OF INFORMATION ONLY 

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AM 


Armenia 


GB 


United Kingdom 


MW 


Malawi 


AT 


Austria 


GE 


Georgia 


MX 


Mexico 


AU 


Australia 


GN 


Guinea 


NE 


Niger 


BB 


Barbados 


GR 


Greece 


NL 


Netherlands 


BE 


Belgium 


HU 


Hungary 


NO 


Norway 


BP 


Burkina Paao 


IE 


Ireland 


NZ 


New Zealand 


BG 


Bulgaria 


IT 


Italy 


PL 


Poland 


BJ 


Benin 


JP 


Japan 


PT 


Portugal 


BR 


Brazil 


KB 


Kenya 


RO 


Romania 


BY 


Be Una 


KG 


Kyrgystan 


RU 


Russian Federation 


CA 


Canada 


KP 


Democratic People's Republic 


SD 


Sudan 


CF 


Central African Republic 




of Korea 


SE 


Sweden 


CG 


Congo 


KR 


Republic of Korea 


SG 


Singapore 


CH 


Switzerland 


KZ 


Kazakhstan 


SI 


Slovenia 


a 


Cote d'lvoire 


U 


LjfChtf^yf * n 


SK 


Slovakia 


CM 


Cameroon 


LK 


Sri Lanka 


SN 


Senegal 


CN 

cs 


China 


LR 


Liberia 


SZ 


Swaziland 


Czechoslovakia 


LT 




TD 


Chad 


cz 


Czech Republic 


LU 


Luxembourg 


TG 


Togo 


DB 


Germany 


LV 


Latvia 


TJ 


Tajikistan 


DK 


Denmark 


MC 


Monaco 


TT 


Trinidad and Tobago 


BE 


Estonia 


MO 


Republic of Moldova 


UA 


Ukraine 


BS 


Spain 


MG 


Madagascar 


UG 


Uganda 


Fl 


Finland 


ML 


Mali 


US 


United States of America 


PR 


France 


MN 


Mongolia 


uz 


Uzbekistan 


GA 


Gabon 


MR 


Mauritania 


VN 


Viet Nam 



WO 97/33169 » PCT/US97/03625 

* • 

A MF.THOD FOR DETERMINING THE AFFTNTTY OF PROTEINS FOR 
CHEMICAL AGENTS DURING SCREENIN G OF COMBINATORIAL 

LIBRARIES. 

BACKGROUND OF THE INVENTION 



In view of the large number of positives that are potentially observable 
during screening of large combinatorial libraries with target proteins, it is desirable 
to apply stringent criteria to select meaningful actives for follow-up. Such criteria 

10 may include one or more of the following: selectivity for one target versus a mutant 
form or closely related protein, binding affinity for the protein target, or binding to 
the active site of an enzyme versus allosteric or non-specific sites. Current methods 
for evaluating compounds against these criteria require production of the compound 
in a soluble form and separate testing. For example to measure the binding affinity 

15 of a agonist or antagonist ligand for a receptor it is necessary to incubate multiple 
aliquots of the compound with the receptor over a range of compound concentration. 

This-is-both-tedious and-time consuming and requires the availability of relatively 



large amounts of compound. There is need in the art for a rapid method of directly 
determining the binding affinity of compounds during the screening process. A 
20 novel method for determining the affinity of a compound for a protein target during 
screens of combinatorial libraries on solid phase supports is described below. 

SUMMARY QF THE INVENTION 

25 This invention relates to an improved method of biological evaluation of 

combinatorial libraries using a method that permits direct measurement of bonding 
affinity of compounds, to a biological target. 

A prefered aspect of the invention provides a method for determining the 
affinity of target proteins for chemical agents during screening of combinatorial 

30 libraries which comprises: presenting a target protein with a gradient of compound 
concentrations on a solid support; and measuring the amount of bound target at each 
concentration. This invention also relates to compounds identified using the this 
method. Preferably the amount of bound target is measured by imaging the 
distribution of protein bound to the support. 

35 This invention also relates to a support for solid-phase compound synthesis 

bearing a non-uniform distribution of chemical coupling sites and to compound 
libraries synthesized on this support. 

1 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 depicts a fabrication of polymer* disks with a radial distribution of 
coupling densities by coaxial extrusion. As used in Fig. 1, Sc is the equivalent local 
» 5 concentration of coupling sites. ■ 1 

■ 4 ' Fig- 2 depicts a fabrication of rods carrying a linear gradient of coupling 

densities. 

DETAILED DESCRIPTION 

10 The principle of this method is to present the protein target with a range of 

spatially localized compound concentrations and measure the amount of bound 
target at each concentration. In the case of solidphase libraries, this is achieved by 
varying the coupling density of the compound to the support to create a gradient of 
surface compound density. Binding of protein to the compound gradients is 

15 measured by using reagents that generate an optical readout corresponding to the 
bound protein and subsequent imaging the distribution bf bound protein with 
compound density. The key components of this invention are a solid support 
fabricated with a gradient of chemical coupling sites for compound attachment, a 
protein target of pharmaceutical interest, accessory reagents for generation of an 

20 optical signal and a quantitative imaging apparatus for measurement of the optical 
signal. 

The solid phase support is critical for this method and is fabricated with a 
predictable gradient of chemical coupling sites. Gradients are constructed on disks, 
rods, ellipsoids, beads or other substrate geometries. The preferred configurations 

25 are disks or rods (Figs. 1, 2). The number of chemical coupling sites on a given 
polymer is controlled by 'doping* of chemically selective linkers, photochemical 
activation/inactivation of sensitized coupling groups or controlled blocking of 
unwanted sites by chemical means, such as removing a reactive site from a Wang 
linker with an alkylating agent such as methyl iodide or removing a reactive site 

30 from a Merrifield linker with an alkoxide such as potassium methoxide or removing 
a reactive amine-containing linker with an acylating reagent such as benzoyl 
chloride. Preferred substrates are Rapp Tentagel, a polyethylene glycol polymer, or 
Perseptive polystyrene-polyethylene glycol polymer because they are wettable with 
aqueous reagents. 

35 Disks carrying discontinuous gradients of coupling densities are fabricated 

by co-axial extrusion of cylinders of polymer carrying defined densities of coupling 
sites (Fig. 1 .), followed by sectioning. Each layer of polymer is doped with a known 

2 
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concentration of linker prior to extrusion by addition of a specific concentration of 
linker to the polymer. For example, if one wanted a polyethylene glycol (PEG) 
based resin with 3.3 nvM concentration of compound present, one would take bromo 
ethyl Rapp Tentagel and react it with a 10:1 ratio of para- hydroxy toluene and para- 
5 hydroxy benzyl alcohol~with a base such as sodium hydride in a solvent such -as 
DMF resulting in a 10: 1 dilution of available Wang-like linker sites. If one wanted a 
polyethylene glycol based resin with 0.33 mM ( concentration of compound present, 
one would take bromo ethyl Rapp Tentagel and react it with a 10:1 ratio of para- 
hydroxy toluene and para-hydroxy benzyl alcohol with a base such as sodium 

10 hydride in a solvent such as DMF resulting in a 100:1 dilution of available Wang- 
like linker sites. If one wanted a polyethylene glycol based resin with 33 microM 
concentration of compound present, one would take bromo ethyl Rapp Tentagel and 
react it with a 1000:1 ratio of para-hydroxy toluene and para-hydroxy benzyl alcohol 
with a base such as sodium hydride in a solvent such as DMF resulting in a 1000:1 

15 dilution of available Wang-like linker sites. 

Alternatively, one could dilute the number of available linker sites in the 
— construction~of-a-Perseptive-PEG-polystyrene-like -particle in- an analogous way by 
using a 10:1 ratio of unfunctionalized PEG to functionalized PEG, during the 
attachment step of the PEG units to the polystyrene particles. For a 10 fold further 

20 dilution in linker sites, use a 100:1 ratio of unfunctionalized PEG to functionalized 
PEG, during the attachment step of the PEG units to the polystyrene particles. For a 
100 fold further dilution in linker sites, use a 1000:1 ratio of unfunctionalized PEG 
to functionalized PEG, during the attachment step of the PEG units to the 
polystyrene particles. Alternatively, rods of polymer carrying photocleavable linkers 

25 can be extruded and during extrusion, the light level can be varied to inactivate the 
linkers in the desired spatial configuration (Fig. 2). This approach allows fabrication 
of linear or exponential gradients. Another method is to use photolithographic 
techniques to photoactivate or photoinactivate light-sensitive linkers in the desired 
gradient pattern on a photoreactive substrate, followed by die stamping to produce 

30 particles carrying the imprinted pattern. The gradient may be linear, non-linear or 
discontinuous and the density range is chosen according to the needs of the screen. 
For example, if compounds with affinities for the protein target in the 10-100 nM 
range are desired, the gradient is fabricated to achieve an equivalent local 
concentration of compound ranging from 1 to 1000 nM. The area occupied by the 

35 gradient is dependent on the limit of resolution of the imaging device. Typically, 
this limit is approximately 100 um for macro imaging with most CCD cameras, in 
which case, the gradient must occupy an area of at least 0.1 x 1 mm for a rectangular 
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gradient, to allow resolution of 100 nM steps in equivalent compound concentration. 
The use of high density CCD arrays and/or magnifying optics will permit higher 
resolution or smaller gradient areas at the expehie of throughput, the latter being 
limited by the field area that can be imaged. The equivalent local concentration of 

• 5 compound is estimated from the concentration of coupling sites within the polymer. 
1 For example, unmodified-Rapp Tentagel contains -300 pmol coupling sites per 260 
microM (swollen) bead. This corresponds to a compound concentration within the 
polymer of -33 mM, assuming a monovalent linker is used and all the coupling sites 
are occupied. The nature of the linker is chosen according to the desired chemistry 

10 of the subsequent combinatorial synthesis. Examples of well known linkers are 

„those.of Wang or. Merrifield. .. 

Once a collection of such particles ha* been fabricated, synthesis of the 
library is done by conventional combine and split protocols. The result is a 
collection of particles, each with a gradient of local density of an individual 

15 " compound. The particles are screened against a protein targerby addition of the 
particles to a solution of the protein target and by measurement of the optical signal 
- associated- with-the protein — The-protein-target may be-soluble or membrane- bound. 
It may be directly labelled with a substance capable of generating an optical signal. 
Preferably, the optical signal is fluorescence or luminescence. Fluorophores are 

20 attached to proteins by chemical means. A well known example is the use of 
fluorescein isothipcyanate which attaches fluorescein to amino groups in the protein. 
Alternatively, the protein may be indirectly labelled by providing a fluorescently 
labelled antibody that recognises the protein itself, or a suitable tag incorporated 
within the sequence of the protein. These and related techniques for labelling 

25 proteins are well known to those skilled in the art. For membrane-bound targets, 
lipophilic fluorescent dyes are available from commercial sources, for example, 1,T- 
dioctadecyl-S^.S^S-tetramethylindocarbocyanine, available from Molecular Probes 
of Eugene, Or. Such dyes dissolve in membrane lipids and are used to label vesicles 
carrying receptors or other membrane-associated protein targets. 

30 Prior to the addition of the protein target, the particles may be treated with a 

high concentration of a blocking reagent to occupy non-specific protein binding 
sites. Examples of such blocking reagents are 1% bovine serum albumin or casein. 
After addition of the protein target, the particle suspension is incubated to attain 
binding equilibrium. The incubation conditions will vary for each protein target, but 

35 in general, 2 hours at 37 degrees Celsius will suffice for most targets. The optimum 
protein concentration will depend on the sensitivity of the optical detection device 
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and the binding affinity and number of active compounds in the library and may be 
determined empirically. 

Following incubation, the particles aite* washed with a suitable buffer, for 
example, 10 mM HEPES pH 7.6, 0.15 raM sodium chloride, 0.1% NP-40. The 

* 

~5~ particles* are then spread onto a filter paper and imaged. The optical signal may be 

1 deteeted-by-using-a-CCD-camera, such as -the-Tundra-instrument-from Imaging 

Research Inc., St Catherine's, Ontario, Canada. Positive particles are selected by 
measuring the decrease of optical signal along the axis of the gradient. Compounds 
that bind the protein with high* affinity will generate a signal at low compound 

10 densities, therefore the signal will extend into the regions of the gradient with low 
... — densities of such compounds; By comparison of the optical signal of each particle at 
a given point within the gradient, compounds are ranked in order of binding affinity. 

After selection of particles carrying high affinity ligands is done as above, 
the compounds are identified. This may be done by cleaving the compound from 

15 "each particle and subjecting it to analysis by mass spectrometry. Alternatively, the 
compounds may be tagged with specific chemical markers during synthesis, such 
thatthenatureofthe-compound-is-enc^ are 
well known to those skilled in the art. An example of mass spectrometric compound 
identification is : A mass spectrometric solution to the address problem of 

20 combinatorial libraries, Brummel-CL; Lee-IN; Zhou-Y; Benkovic-SJ; Winograd-N, 
Science. 1994 £64 (5157): 399-402. 

Without further elaboration, it is believed that one skilled in the art can, 
using the preceding description, utilize the present invention to its fullest extent. 
25 While the preferred embodiments of the invention are illustrated by the above, it is 
to be understood that the invention is not limited to the precise instructions herein 
disclosed and the right to all modifications coming within the scope of the following 
claims is reserved. 
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What is claimed is: 

1 . A method for determining the affinity of target proteins for chemical 
agents during screening of combinatorial libraries which comprises: 

4 5 a) presenting a target protein with a gradient of compound 

concentrations on a solid support; and 

b) measuring the amount of bound target at each concentration 

2. The method of claim 1 in which the amount of bound target is 
10 measured by imaging the distribution of protein bound to the support. 

3., A support for solid-phase 1 compound synthesis bearing a non-uniform 
distribution of chemical coupling sites. 

15 4. compound libraries synthesized in the support of claim 3. 

5. Compounds identified using the methods of claim 1 . 

i 
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A METHOD FOR DETERMINING THE AFFINITY OF PROTEINS FOR 
CHEMICAL AGENTS DURIN G SCREENING OF COMBINATORIAL 

LIBRARIES-. 

i 

5 ... BACKGROUND OF THE INVENTION 

In view of the large number of positives that are potentially observable 
during screening of large combinatorial libraries with target proteins, it is desirable 
to apply stringent criteria to select meaningful actives for follow-up. Such criteria 

10 may include one or more of the following: selectivity for one target versus a mutant 
form or closely related protein, binding affinity for the protein target, or binding to 
the active site of an enzyme versus allosteric or non-specific sites. Current methods 
for evaluating compounds against these criteria require production of the compound 
in a soluble form and separate testing. For example to measure the binding affinity 

15 of a agonist or antagonist ligand for a receptor it is necessary to incubate multiple 
aliquots of the compound with the receptor over a range of compound concentration. 
This is both tedious and time consuming and requires the availability of relatively 
large amounts of compound. There is need in the art for a rapid method of directly 
determining the binding affinity of compounds during the screening process. A 

20 novel method for determining the affinity of a compound for a protein target during 
screens of combinatorial libraries on solid phase supports is described below. 

. 

SUMMARY OF THE INVENTION 

25 This invention relates to an improved method of biological evaluation of 

combinatorial libraries using a method that permits direct measurement of bonding 
affinity of compounds, to a biological target. 

A prefered aspect of the invention provides a method for determining the 
affinity of target proteins for chemical agents during screening of combinatorial 

♦ 

30 libraries which comprises: presenting a target protein with a gradient of compound 
concentrations on a solid support; and measuring the amount of bound target at each 
concentration. This invention also relates to compounds identified using the this 
method. Preferably the amount of bound target is measured by imaging the 
distribution of protein bound to the support. 

35 This invention also relates to a support for solid-phase compound synthesis 

bearing a non-uniform distribution of chemical coupling sites and to compound 
libraries synthesized on this support. 

1 
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: s ■ . 

PRIEF DESCRIPTION of rpp DR A wmns 

Fig. la depicts a fabrication of polymer disks with a radial distribution of 
coupling densities by coaxial extrusion. As used in Fig. la, Sc is the equivalent 
5 • local concentration of coupling sites. 

Fig. lb is a frontal view of the coaxial extrusion of Fig. la. 

Fig. 2 depicts a fabrication of rods carrying a linear gradient of coupling 
densities. 

i . 

DETATT Fn DESCRIPTION 

The principle of this method is to present the protein target with a range of 
spatially localized compound concentrations and measure the amount of bound 
target at each concentration. In the case of solid phase libraries, this is achieved by 
varying the coupling density of the compound to the support to create a gradient of 
surface compound density. Binding of protein, to the compound gradients is 
measured by using reagents that generate an optical readout corresponding to the 
bound protein and subsequent imaging the distribution of bound protein with 
compound density. The key components of this invention are a solid support 
fabricated with a gradient of chemical coupling sites for compound attachment, a 
protein target of pharmaceutical interest, accessory . reagents for generation of an 
optical signal and a quantitative imaging apparatus for measurement of the optical 
signal. 

The solid phase support is critical for this method and is fabricated with a 
predictable gradient of chemical coupling sites. Gradients are constructed on disks, 
rods, ellipsoids, beads or other substrate geometries. The preferred configurations 
are disks or rods (Figs. 1, 2). The number of chemical coupling sites on a given 
polymer is controlled by 'doping' of chemically selective linkers, photochemical 
activation/inactivation of sensitized coupling groups or controlled blocking of 
unwanted sites by chemical means, such as removing a reactive site from a Wang 
linker with an alkylating agent such as methyl iodide or removing a reactive site 
from a Merrifield linker with an alkoxide such as potassium methoxide or removing 
a reactive amine-containing linker with an acylating reagent such as benzoyl 
chloride. Preferred substrates are Rapp Tentagel, a polyethylene glycol polymer, or 
Perseptive polystyrene-polyethylene glycol polymer because they are wettable with 
aqueous reagents. 

35 Disks carrying discontinuous gradients of coupling densities are fabricated 

by co-axial extrusion of cylinders of polymer carrying defined densities of coupling 
sites (Fig. 1 .), followed by sectioning. Each layer of polymer is doped with a known 
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concentration of linker prior to extrusion by addition of a specific concentration of 
linker to the polymer. For example, if one wanted a polyethylene glycol (PEG) 
based resin with 3.3 mM concentration of compound present, one would take bromo 
ethyl Rapp Tentagel and react it with a 10: 1 ratio of para- hydroxy toluene and para- 
5 hydroxy benzyl , alcohol with a base such as sodium hydride in a solvent such as 
, DMF resulting in a 10: 1 dilution of available Wang-like linker sites If one wanted a 
polyethylene glycol based resin with 0.33 mM concentration of compound present, 
one would take bromo ethyl Rapp Tentagel and react it with a 10:1 ratio of para- 
hydroxy toluene and para-hydr6xy benzyl alcohol with a base such as sodium 
10 hydride in a solvent such as DMF resulting in a 100:1 dilution of available Wang- 
like linker sites. If one wanted a polyethylene glycol based resin with 33 microM 
concentration of compound present, one would take bromo ethyl Rapp Tentagel and 
react it with a 1000:1 ratio of para-hydroxy toluene and para-hydroxy benzyl alcohol 
with a base such as sodium hydride in a solvent such as DMF resulting in a 1000: 1 
15 dilution of available Wang-like linker sites. 

Alternatively, one could dilute the number of available linker sites in the 
constraction-of-a-Perseptive-PEG-polystyiene-like-particle-in-an analogous way by 
using a 10: 1 ratio of unfunctionalized PEG to functionalized PEG, during the 
attachment step of the PEG units to the polystyrene particles. For a 10 fold further 
20 dilution in linker sites, use a 100: 1 ratio of unfunctionalized PEG to functionalized 
PEG, during the attachment step of the PEG units to the polystyrene particles. For a 
100 fold further dilution in linker sites, use a 1000: 1 ratio of unfunctionalized PEG 
to functionalized PEG, during the attachment step of the PEG units to the 
polystyrene particles. Alternatively, rods of polymer carrying photocleavable linkers 
25 can be extruded and during extrusion, the light level can be varied to inactivate the 
linkers in the desired spatial configuration (Fig. 2). This approach allows fabrication 
of linear or exponential gradients. Another method is to use photolithographic 
techniques to photoactivate or photoinactivate light-sensitive linkers in the desired 
gradient pattern on a photoreactive substrate, followed by die stamping to produce 
30 particles carrying the imprinted pattern. The gradient may be linear, non-linear or 
discontinuous and the density range is chosen according to the needs of the screen. 
For example, if compounds with affinities for the protein target in the 10-100 nM 
range are desired, the gradient is fabricated to achieve an equivalent local 
concentration of compound ranging from 1 to 1000 nM. The area occupied by the 
35 gradient is dependent on the limit of resolution of the imaging device. Typically, 
this limit is approximately 100 urn for macro imaging with most CCD cameras, in 
which case, the gradient must occupy an area of at least 0. 1 x 1 mm for a rectangular 
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gradient, to allow resolution of 100 nM steps in equivalent compound concentration. 
The use of high density CCD arrays and/or magnifying optics will permit higher 
resolution or smaller gradient areas at the expense of throughput, the latter being 
limited by the field area that can be imaged. The equivalent local concentration of 
compound is estimated from the concentration of coupling sites within the polymer. 
For example, unmodified-Rapp Tentagel contains -300 pmol coupling sites per 260 
microM (swollen) bead. This corresponds to a cpmpound concentration within the 
polymer of -33 mM, assuming a monovalent linker is used and all the coupling sites 
are occupied. The nature of the linker is chosen according to the desired chemistry 
of the subsequent combinatorial synthesis. Examples of well known linkers are 

those of Wang or Merrifield. ; 

Once a collection of such particles has been fabricated, synthesis of the 
library is done by conventional combine and split protocols. The result is a 
collection of particles, each with a gradient of local density of an individual 
compound. The particles are screened against a protein target by addition of the 
particles to a solution of the protein target and by measurement of the optical signal 
-associated withthe proteinr^ rhe-protein targermay-be-soluble or membrane bound. 
It may be directly labelled with a substance capable of generating an optical signal. 
Preferably, the optical signal is fluorescence or luminescence. Fluorophores are 
attached to proteins by chemical means. A well known example is the use of 
fluorescein isothiocyanate which attaches fluorescein to amino groups in the protein. 
Alternatively, the protein may be indirectly labelled by providing a fluorescently 
labelled antibody that recognises the protein itself, or a suitable tag incorporated 
within the sequence of the protein. These and related techniques for labelling 
proteins are well known to those skilled in the art. For membrane-bound targets, 
lipophilic fluorescent dyes are available from commercial sources, for example, 1,1 
dioctadecyl-3,3,3 , ,3'-tetramethylindocarbocyanine, available from Molecular Probes 
of Eugene, Or. Such dyes dissolve in membrane lipids and are used to label vesicles 
carrying receptors or other membrane-associated protein targets. 

Prior to the addition of the protein target, the particles may be treated with a 
high concentration of a blocking reagent to occupy non-specific protein binding 
sites. Examples of such blocking reagents are 1 % bovine serum albumin or casein. 
After addition of the protein target, the particle suspension is incubated to attain 
binding equilibrium. The incubation conditions will vary for each protein target, but 
in general, 2 hours at 37 degrees Celsius will suffice for most targets. The optimum 
protein concentration will depend on the sensitivity of the optical detection device 
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and the binding affinity and number of active compounds in the library and may be 
determined empirically. 

Following incubation, the particles are- washpd with a suitable buffer, for 
example. 10 mM HEPES pH 7.6, 0.15 mM sodium chloride, 0.1% NP-40. The 
5 -particles are then .spread onto a filter paper and imaged. . The optical signal may be 
_ -^detected by using a CC^camera,.such_as.lhe..Tundra-instrument from-Imaging 
Research Inc., St Catherine's, Ontario, Canada. Positive particles are selected by 
measuring the decrease of optical signal along the axis of the gradient. Compounds 
that bind the protein with high' affinity will generate a signal at low compound 
10 densities, therefore the signal will extend into the regions of the gradient with low 
densities of such compounds. By comparison of the optical signal.of each particle at 
a given point within the gradient, compounds are ranked in order of binding affinity . 

After selection of particles carrying high affinity ligands is done as above, 
the compounds are identified. This may be done by cleaving the compound from 
each -particle and subjecting it to analysis by mass spectrometry. Alternatively, the 
compounds may be tagged with specific chemical markers during synthesis, such 
Jhauhc. nature of-thexompound-is encoded-by-the-tag^Methods-for-such tagging are 
well known to those skilled in the art. An example of mass spectrometric compound 
identification is : A mass spectrometric solution to the address problem of 
combinatorial libraries. Brummel-CL; Lee-IN; Zhou-Y; Benkovic-SJ; Winograd-N, 
Science. 1994 264 (5157): 399-402. 
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Without further elaboration, it is believed that one skilled in the art can, 
using the preceding description, utilize the present invention to its fullest extent! 
25 While the preferred embodiments of the invention are illustrated by the above, it is 
to be understood that the invention is not limited to the precise instructions herein 
disclosed and the right to all modifications coming within the scope of the following 
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What is claimed is: 

1 . A method for determining the affiWity of target proteins for chemical 
agents during screening of combinatorial libraries which comprises: 

,5 -—a) presenting a target protein 1 with a gradient of compound 

»■ concentrations on a solid support; and 

b) measuring the amount of bound target at each concentration 

2. The method of claim' 1 in which the amount of bound target is 
10 measured by imaging the distribution of protein bound to the support. 

3. A support for solid-phase compound synthesis bearing a non-uniform 
distribution of chemical coupling sites. 

1 5 - 4. compound libraries synthesized in the support of claim 3. * 
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